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1. Introduction

This paper describes our work to develop new tool sup-
port for analyzing and visualizing the architecture of com-
plete large-scale (millions or more lines of code) programs.
Our approach consists of (i) creating a compact, accurate
representation of a whole C or C++ program, (ii) analyzing
the program in this representation, and (iii) visualizing the
analysis results with respect to the program’s architecture.
We have implemented our approach by extending and com-
bining a compiler infrastructure and a program visualiza-
tion tool, and we believe our work will be of broad interest
to those engaged in a variety of program understanding and
transformation tasks.

We have added new whole-program analysis support to
ROSE [15, 14], a source-to-source C/C++ compiler infras-
tructure for creating customized analysis and transforma-
tion tools. Our whole-program work does not rely on pro-
cedure summaries; rather, we preserve all of the information
present in the source while keeping our representation com-
pact. In our representation, a million-line application fits
in well less than 1 GB of memory. Because whole-program
analyses can generate large amounts of data, we believe that
abstracting and visualizing analysis results at the architec-
ture level is critical to reducing the cognitive burden on the
consumer of the analysis results. Therefore, we have ex-
tended Vizz3D [19], an interactive program visualization
tool, with an appropriate metaphor and layout algorithm
for representing a program’s architecture. Our implemen-
tation provides developers with an intuitive, interactive way
to view analysis results, such as those produced by ROSE,
in the context of the program’s architecture.

The remainder of this paper summarizes our approach to
whole-program analysis (Section 2) and provides an exam-
ple of how we visualize the analysis results (Section 3).

2. Whole-Program Analysis

Our source code analysis and transformation work is part
of the ROSE project, sponsored by the U.S. Department of

Energy (DOE). Although research in the ROSE project em-
phasizes performance optimization, ROSE contains many
of the components and analyses common to any compiler
infrastructure, and thus facilitates the development of a
broad range of source-based analysis tools. ROSE routinely
compiles million-line applications. This section describes
our whole-program analysis implementation in ROSE.

2.1. Representing whole programs

Whole-program analysis is typically implemented ei-
ther using procedure summaries or by embedding infor-
mation into the object files to use whole-program context
at link-time. In ROSE, we approach the problem differ-
ently, namely, by using a space-efficient representation of
the complete source.

We use the Edison Design Group C++ front-end
(EDG) [7] to parse C and C++ programs. EDG generates an
abstract syntax tree (AST) and fully evaluates all types. We
translate the EDG AST into our own object-oriented AST,
SAGEIII. The SAGEIII intermediate representation (IR) has
240 types of IR nodes and can fully represent original struc-
ture of the application, including the preservation of com-
ments and preprocessor control structure. From the IR, the
original source may be reproduced completely.

The IR is space-efficient by design. In particular, we
share parts of the AST (subtrees) that are determined to be
identical. This technique is critical for C and C++. For ex-
ample, a typical million-line application compiled by ROSE
has about 1000 files containing approximately 1,000 lines
of source code (LOC) per source file, where each source file
includes in addition about 75,000 LOC from header files. In
this scenario, the effective 76,000 LOC per source file gen-
erate 1,000 ASTs with each containing about 500,000 IR
nodes. To support whole-program analysis, ROSE merges
multiple ASTs from the compilation of different source files
into a single AST. Merging 75,000 re-occuring LOC over
each of the 1000 files saves 75 million LOC from being
represented redundantly in the AST.

Figure 1 (top) shows the AST for three example source



6:7
SgFunctionParameterList

0xb47c1008  

10:11
SgNullStatement

0x81c7508  

9:12
SgBasicBlock
0x81bd7b8  

*[0]

8:13
SgFunctionDefinition

0x81adc10  

body

14:15
SgCtorInitializerList

0xb4788008  

5:16
SgMemberFunctionDeclaration

~Base
0xb47fa008  

parameterList definition CtorInitializerList

18:19
SgFunctionParameterList

0xb47c10f0  

20:21
SgCtorInitializerList

0xb47880f0  

17:22
SgMemberFunctionDeclaration

run
0xb47fa164  

parameterList CtorInitializerList definition

4:23
SgClassDefinition

0x816edf0  

*[0] *[1]

3:24
SgClassDeclaration

Base
0xb484f008  

definition

28:29
SgInitializedName

0x81ea610  

initptr

27:30
SgVariableDeclaration

0xb474d008  

*[0]

32:33
SgFunctionParameterList

0xb47c11d8  

36:37
SgNullStatement

0x81c7528  

35:38
SgBasicBlock
0x81bd7e0  

*[0]

34:39
SgFunctionDefinition

0x81adc38  

body

43:44
SgCharVal
0x82159c8  

valueExpressionTree

42:45
SgAssignInitializer

0x8208ea0  

operand_i

41:46
SgInitializedName

0x81ea660  

initptr

40:47
SgCtorInitializerList

0xb47881d8  

*[0]

31:48
SgMemberFunctionDeclaration

Derived
0xb47fa2c0  

parameterList definition CtorInitializerList

50:51
SgFunctionParameterList

0xb47c12c0  

58:59
SgThisExp
0x8221ee8  

60:61
SgVarRefExp
0x822da90  

57:62
SgArrowExp
0x82386c8  

lhs_operand_i rhs_operand_i

63:64
SgCharVal
0x82159f8  

valueExpressionTree

56:65
SgAssignOp
0x8245240  

lhs_operand_i rhs_operand_i

55:66
SgExpressionRoot

0x825aa10  

operand_i

54:67
SgExprStatement

0x8251d68  

expression_root

68:69
SgNullStatement

0x81c7548  

53:70
SgBasicBlock
0x81bd808  

*[0] *[1]

52:71
SgFunctionDefinition

0x81adc60  

body

72:73
SgCtorInitializerList

0xb47882c0  

49:74
SgMemberFunctionDeclaration

run
0xb47fa41c  

parameterList definition CtorInitializerList

26:75
SgClassDefinition

0x816ee1c  

*[0] *[1] *[2]

25:76
SgClassDeclaration

Derived
0xb484f458  

definition

78:79
SgFunctionParameterList

0xb47c13a8  

85:86
SgExprListExp

0x827bcb0  

84:87
SgConstructorInitializer

0x8286898  

args

83:88
SgInitializedName

0x81ea6b0  

initptr

82:89
SgVariableDeclaration

0xb474d0f8  

*[0]

93:94
SgExprListExp

0x827bcdc  

92:95
SgConstructorInitializer

0x82868d4  

args

91:96
SgInitializedName

0x81ea700  

initptr

90:97
SgVariableDeclaration

0xb474d1e8  

*[0]

103:104
SgVarRefExp
0x822dabc  

102:105
SgAddressOfOp

0x82ae140  

operand_i

101:106
SgCastExp
0x82a0588  

operand_i

100:107
SgAssignInitializer

0x8208ed4  

operand_i

99:108
SgInitializedName

0x81ea750  

initptr

98:109
SgVariableDeclaration

0xb474d2d8  

*[0]

115:116
SgVarRefExp
0x822dae8  

114:117
SgAddressOfOp

0x82ae174  

operand_i

113:118
SgCastExp
0x82a05c0  

operand_i

112:119
SgAssignInitializer

0x8208f08  

operand_i

111:120
SgInitializedName

0x81ea7a0  

initptr

110:121
SgVariableDeclaration

0xb474d3c8  

*[0]

126:127
SgVarRefExp
0x822db14  

128:129
SgMemberFunctionRefExp

0x82bc1c0  

125:130
SgArrowExp
0x82386fc  

lhs_operand_i rhs_operand_i

131:132
SgExprListExp

0x827bd08  

124:133
SgFunctionCallExp

0x82c9c88  

function args

123:134
SgExpressionRoot

0x825aa44  

operand_i

122:135
SgExprStatement

0x8251d8c  

expression_root

140:141
SgVarRefExp
0x822db40  

142:143
SgMemberFunctionRefExp

0x82bc1f8  

139:144
SgArrowExp
0x8238730  

lhs_operand_i rhs_operand_i

145:146
SgExprListExp

0x827bd34  

138:147
SgFunctionCallExp

0x82c9cbc  

function args

137:148
SgExpressionRoot

0x825aa78  

operand_i

136:149
SgExprStatement

0x8251db0  

expression_root

150:151
SgNullStatement

0x81c7568  

81:152
SgBasicBlock
0x81bd830  

*[0] *[1] *[2] *[3] *[4] *[5] *[6]

80:153
SgFunctionDefinition

0x81adc88  

body

77:154
SgFunctionDeclaration

runModule
0xb46bf008  

parameterList definition

2:155
SgGlobal

0x80eb000  

*[0] *[1] *[2]

1:156
SgFile

0x80c9cb0  

root

162:163
SgFunctionParameterList

0xb47c1490  

166:167
SgNullStatement

0x81c7588  

165:168
SgBasicBlock
0x81bd858  

*[0]

164:169
SgFunctionDefinition

0x81adcb0  

body

170:171
SgCtorInitializerList

0xb47883a8  

161:172
SgMemberFunctionDeclaration

~Base
0xb47fa578  

parameterList definition CtorInitializerList

174:175
SgFunctionParameterList

0xb47c1578  

176:177
SgCtorInitializerList

0xb4788490  

173:178
SgMemberFunctionDeclaration

run
0xb47fa6d4  

parameterList CtorInitializerList definition

160:179
SgClassDefinition

0x816ee48  

*[0] *[1]

159:180
SgClassDeclaration

Base
0xb484ff20  

definition

184:185
SgFunctionParameterList

0xb47c1660  

188:189
SgNullStatement

0x81c75a8  

187:190
SgBasicBlock
0x81bd880  

*[0]

186:191
SgFunctionDefinition

0x81adcd8  

body

192:193
SgCtorInitializerList

0xb4788578  

183:194
SgMemberFunctionDeclaration

run
0xb47fa830  

parameterList definition CtorInitializerList

182:195
SgClassDefinition

0x816ee74  

*[0]

181:196
SgClassDeclaration

Attacker
0xb4850370  

definition

200:201
SgInitializedName

0x81ea7f0  

initptr

199:202
SgVariableDeclaration

0xb474d4b8  

*[0]

204:205
SgFunctionParameterList

0xb47c1748  

208:209
SgNullStatement

0x81c75c8  

207:210
SgBasicBlock
0x81bd8a8  

*[0]

206:211
SgFunctionDefinition

0x81add00  

body

212:213
SgCtorInitializerList

0xb4788660  

203:214
SgMemberFunctionDeclaration

Derived
0xb47fa98c  

parameterList definition CtorInitializerList

216:217
SgFunctionParameterList

0xb47c1830  

223:224
SgExprListExp

0x827bd60  

222:225
SgConstructorInitializer

0x8286910  

args

221:226
SgInitializedName

0x81ea840  

initptr

220:227
SgVariableDeclaration

0xb474d5a8  

*[0]

235:236
SgThisExp
0x8221f18  

237:238
SgVarRefExp
0x822db6c  

234:239
SgArrowExp
0x8238764  

lhs_operand_i rhs_operand_i

240:241
SgIntVal

0x837e1d8  

valueExpressionTree

233:242
SgAddOp

0x838a830  

lhs_operand_i rhs_operand_i

232:243
SgCastExp
0x82a05f8  

operand_i

231:244
SgPointerDerefExp

0x8397358  

operand_i

246:247
SgVarRefExp
0x822db98  

245:248
SgCastExp
0x82a0630  

operand_i

230:249
SgAssignOp
0x8245274  

lhs_operand_i rhs_operand_i

229:250
SgExpressionRoot

0x825aaac  

operand_i

228:251
SgExprStatement

0x8251dd4  

expression_root

252:253
SgNullStatement

0x81c75e8  

219:254
SgBasicBlock
0x81bd8d0  

*[0] *[1] *[2]

218:255
SgFunctionDefinition

0x81add28  

body

256:257
SgCtorInitializerList

0xb4788748  

215:258
SgMemberFunctionDeclaration

run
0xb47faae8  

parameterList definition CtorInitializerList

198:259
SgClassDefinition

0x816eea0  

*[0] *[1] *[2]

197:260
SgClassDeclaration

Derived
0xb48506ac  

definition

264:265
SgExprListExp

0x827bd8c  

263:266
SgConstructorInitializer

0x828694c  

args

262:267
SgInitializedName

0x81ea890  

initptr

261:268
SgVariableDeclaration

0xb474d698  

*[0]

158:269
SgGlobal

0x80eb028  

*[0] *[1] *[2] *[3]

157:270
SgFile

0x80c9d0c  

root

274:275
SgFunctionParameterList

0xb47c1a00  

279:280
SgFunctionParameterList

0xb47c1ae8  

278:281
SgFunctionDeclaration

runModule
0xb46bf2b8  

parameterList definition

285:286
SgFunctionRefExp

0x840c3b0  

287:288
SgExprListExp

0x827bdb8  

284:289
SgFunctionCallExp

0x82c9cf0  

function args

283:290
SgExpressionRoot

0x825aae0  

operand_i

282:291
SgExprStatement

0x8251df8  

expression_root

294:295
SgIntVal

0x837e208  

valueExpressionTree

293:296
SgExpressionRoot

0x825ab14  

operand_i

292:297
SgReturnStmt

0x8417f38  

expression_root

298:299
SgNullStatement

0x81c7608  

277:300
SgBasicBlock

0x81bd8f8  

*[0] *[1] *[2] *[3]

276:301
SgFunctionDefinition

0x81add50  

body

273:302
SgFunctionDeclaration

main
0xb46bf160  

parameterList definition

272:303
SgGlobal

0x80eb050  

*[0]

271:304
SgFile

0x80c9d68  

root

0:305
SgProject

0x80b08a8  

*[0] *[1] *[2]

162:163
SgFunctionParameterList

0xb47c1008  

166:167
SgNullStatement

0x81c7508  

165:168
SgBasicBlock
0x81bd7b8  

*[0] *[0]

164:169
SgFunctionDefinition

0x81adc10  

body body

170:171
SgCtorInitializerList

0xb4788008  

161:172
SgMemberFunctionDeclaration

~Base
0xb47fa008  

parameterList parameterList definition definition CtorInitializerList CtorInitializerList

174:175
SgFunctionParameterList

0xb47c10f0  

176:177
SgCtorInitializerList

0xb47880f0  

173:178
SgMemberFunctionDeclaration

run
0xb47fa164  

parameterList parameterList CtorInitializerList CtorInitializerList definition definition

160:179
SgClassDefinition

0x816edf0  

*[0] *[0] *[1]*[1]

159:180
SgClassDeclaration

Base
0xb484f008  

definition definition

28:29
SgInitializedName

0x81ea610  

initptr

27:30
SgVariableDeclaration

0xb474d008  

*[0]

32:33
SgFunctionParameterList

0xb47c11d8  

36:37
SgNullStatement

0x81c7528  

35:38
SgBasicBlock
0x81bd7e0  

*[0]

34:39
SgFunctionDefinition

0x81adc38  

body

43:44
SgCharVal
0x82159c8  

valueExpressionTree

42:45
SgAssignInitializer

0x8208ea0  

operand_i

41:46
SgInitializedName

0x81ea660  

initptr

40:47
SgCtorInitializerList

0xb47881d8  

*[0]

31:48
SgMemberFunctionDeclaration

Derived
0xb47fa2c0  

parameterList definition CtorInitializerList

50:51
SgFunctionParameterList

0xb47c12c0  

58:59
SgThisExp
0x8221ee8  

60:61
SgVarRefExp
0x822da90  

57:62
SgArrowExp
0x82386c8  

lhs_operand_i rhs_operand_i

63:64
SgCharVal
0x82159f8  

valueExpressionTree

56:65
SgAssignOp
0x8245240  

lhs_operand_i rhs_operand_i

55:66
SgExpressionRoot

0x825aa10  

operand_i

54:67
SgExprStatement

0x8251d68  

expression_root

68:69
SgNullStatement

0x81c7548  

53:70
SgBasicBlock
0x81bd808  

*[0] *[1]

52:71
SgFunctionDefinition

0x81adc60  

body

72:73
SgCtorInitializerList

0xb47882c0  

49:74
SgMemberFunctionDeclaration

run
0xb47fa41c  

parameterList definition CtorInitializerList

26:75
SgClassDefinition

0x816ee1c  

*[0] *[1] *[2]

25:76
SgClassDeclaration

Derived
0xb484f458  

definition

78:79
SgFunctionParameterList

0xb47c13a8  

85:86
SgExprListExp

0x827bcb0  

84:87
SgConstructorInitializer

0x8286898  

args

83:88
SgInitializedName

0x81ea6b0  

initptr

82:89
SgVariableDeclaration

0xb474d0f8  

*[0]

93:94
SgExprListExp

0x827bcdc  

92:95
SgConstructorInitializer

0x82868d4  

args

91:96
SgInitializedName

0x81ea700  

initptr

90:97
SgVariableDeclaration

0xb474d1e8  

*[0]

103:104
SgVarRefExp
0x822dabc  

102:105
SgAddressOfOp

0x82ae140  

operand_i

101:106
SgCastExp
0x82a0588  

operand_i

100:107
SgAssignInitializer

0x8208ed4  

operand_i

99:108
SgInitializedName

0x81ea750  

initptr

98:109
SgVariableDeclaration

0xb474d2d8  

*[0]

115:116
SgVarRefExp
0x822dae8  

114:117
SgAddressOfOp

0x82ae174  

operand_i

113:118
SgCastExp
0x82a05c0  

operand_i

112:119
SgAssignInitializer

0x8208f08  

operand_i

111:120
SgInitializedName

0x81ea7a0  

initptr

110:121
SgVariableDeclaration

0xb474d3c8  

*[0]

126:127
SgVarRefExp
0x822db14  

128:129
SgMemberFunctionRefExp

0x82bc1c0  

125:130
SgArrowExp
0x82386fc  

lhs_operand_i rhs_operand_i

131:132
SgExprListExp

0x827bd08  

124:133
SgFunctionCallExp

0x82c9c88  

function args

123:134
SgExpressionRoot

0x825aa44  

operand_i

122:135
SgExprStatement

0x8251d8c  

expression_root

140:141
SgVarRefExp
0x822db40  

142:143
SgMemberFunctionRefExp

0x82bc1f8  

139:144
SgArrowExp
0x8238730  

lhs_operand_i rhs_operand_i

145:146
SgExprListExp

0x827bd34  

138:147
SgFunctionCallExp

0x82c9cbc  

function args

137:148
SgExpressionRoot

0x825aa78  

operand_i

136:149
SgExprStatement

0x8251db0  

expression_root

150:151
SgNullStatement

0x81c7568  

81:152
SgBasicBlock
0x81bd830  

*[0] *[1] *[2] *[3] *[4] *[5] *[6]

80:153
SgFunctionDefinition

0x81adc88  

body

77:154
SgFunctionDeclaration

runModule
0xb46bf008  

parameterList definition

2:155
SgGlobal

0x80eb000  

*[0] *[1] *[2]

1:156
SgFile

0x80c9cb0  

root

184:185
SgFunctionParameterList

0xb47c1660  

188:189
SgNullStatement

0x81c75a8  

187:190
SgBasicBlock
0x81bd880  

*[0]

186:191
SgFunctionDefinition

0x81adcd8  

body

192:193
SgCtorInitializerList

0xb4788578  

183:194
SgMemberFunctionDeclaration

run
0xb47fa830  

parameterList definition CtorInitializerList

182:195
SgClassDefinition

0x816ee74  

*[0]

181:196
SgClassDeclaration

Attacker
0xb4850370  

definition

200:201
SgInitializedName

0x81ea7f0  

initptr

199:202
SgVariableDeclaration

0xb474d4b8  

*[0]

204:205
SgFunctionParameterList

0xb47c1748  

208:209
SgNullStatement

0x81c75c8  

207:210
SgBasicBlock
0x81bd8a8  

*[0]

206:211
SgFunctionDefinition

0x81add00  

body

212:213
SgCtorInitializerList

0xb4788660  

203:214
SgMemberFunctionDeclaration

Derived
0xb47fa98c  

parameterList definition CtorInitializerList

216:217
SgFunctionParameterList

0xb47c1830  

223:224
SgExprListExp

0x827bd60  

222:225
SgConstructorInitializer

0x8286910  

args

221:226
SgInitializedName

0x81ea840  

initptr

220:227
SgVariableDeclaration

0xb474d5a8  

*[0]

235:236
SgThisExp
0x8221f18  

237:238
SgVarRefExp
0x822db6c  

234:239
SgArrowExp
0x8238764  

lhs_operand_i rhs_operand_i

240:241
SgIntVal

0x837e1d8  

valueExpressionTree

233:242
SgAddOp

0x838a830  

lhs_operand_i rhs_operand_i

232:243
SgCastExp
0x82a05f8  

operand_i

231:244
SgPointerDerefExp

0x8397358  

operand_i

246:247
SgVarRefExp
0x822db98  

245:248
SgCastExp
0x82a0630  

operand_i

230:249
SgAssignOp
0x8245274  

lhs_operand_i rhs_operand_i

229:250
SgExpressionRoot

0x825aaac  

operand_i

228:251
SgExprStatement

0x8251dd4  

expression_root

252:253
SgNullStatement

0x81c75e8  

219:254
SgBasicBlock
0x81bd8d0  

*[0] *[1] *[2]

218:255
SgFunctionDefinition

0x81add28  

body

256:257
SgCtorInitializerList

0xb4788748  

215:258
SgMemberFunctionDeclaration

run
0xb47faae8  

parameterList definition CtorInitializerList

198:259
SgClassDefinition

0x816eea0  

*[0] *[1] *[2]

197:260
SgClassDeclaration

Derived
0xb48506ac  

definition

264:265
SgExprListExp

0x827bd8c  

263:266
SgConstructorInitializer

0x828694c  

args

262:267
SgInitializedName

0x81ea890  

initptr

261:268
SgVariableDeclaration

0xb474d698  

*[0]

158:269
SgGlobal

0x80eb028  

*[0] *[1] *[2] *[3]

157:270
SgFile

0x80c9d0c  

root

274:275
SgFunctionParameterList

0xb47c1a00  

279:280
SgFunctionParameterList

0xb47c1ae8  

278:281
SgFunctionDeclaration

runModule
0xb46bf2b8  

parameterList definition

285:286
SgFunctionRefExp

0x840c3b0  

287:288
SgExprListExp

0x827bdb8  

284:289
SgFunctionCallExp

0x82c9cf0  

function args

283:290
SgExpressionRoot

0x825aae0  

operand_i

282:291
SgExprStatement

0x8251df8  

expression_root

294:295
SgIntVal

0x837e208  

valueExpressionTree

293:296
SgExpressionRoot

0x825ab14  

operand_i

292:297
SgReturnStmt

0x8417f38  

expression_root

298:299
SgNullStatement

0x81c7608  

277:300
SgBasicBlock

0x81bd8f8  

*[0] *[1] *[2] *[3]

276:301
SgFunctionDefinition

0x81add50  

body

273:302
SgFunctionDeclaration

main
0xb46bf160  

parameterList definition

272:303
SgGlobal

0x80eb050  

*[0]

271:304
SgFile

0x80c9d68  

root

0:305
SgProject

0x80b08a8  

*[0] *[1] *[2]

Figure 1. (Top) AST before merging. File 1 = green nodes, File 2 = blue nodes, File 3 = red nodes.
(Bottom) AST after merging. The magenta subtree shows common (merged) structure.

files, with AST subtrees colored by file. The ASTs from the
files are not shared. Figure 1 (bottom) shows the AST af-
ter the merge process, where the diamond shaped IR nodes
of the AST indicate that those IR nodes are shared. To be
shared, the declaration at the root of the subtrees had to gen-
erate the same internal name (in C++, this includes standard
name mangling plus a number of other language specific de-
tails) and the subtrees had to pass the One-time Definition
Rule (ODR) test of equivalence. For a more detailed de-
scription of our merge algorithm, see our recent paper [14].

In our initial experiments, we have merged the full
source of SMG2000 [1], a semicoarsing multigrid code con-
sisting of 53 files. The ROSE AST initially consists of
2,287,000 nodes, and is merged into just 779,607 nodes.
This indicates a merge efficiency of 66%; the maximum
possible merge efficiency is 100%, which would occur
when merging two identical files.

We have estimated the theoretically best merge effi-
ciency for SMG2000 to be 77%. For this, we compare the
total amount of LOC in source and header files (including
library headers) with the LOC of the preprocessed source
files of SMG2000, embedding header files repeatedly into
the source files. The numbers are 31,628 LOC and 138,456
LOC, respectively (with empty lines removed). Finally, for
SMG2000, the time to merge all 2,287,000 nodes is about
30% of the time spent on the entire compilation process.

Using a 250 KLOC benchmark, we have estimated that

a 1,000 KLOC application will fit into approximately 400
MB of memory after merging header files. The AST hold-
ing the million-line application can also be saved to and
loaded from disk using a custom ROSE-specific binary file
format; on current single-processor desktop machines, one
of these binary files can be written in roughly 30 sec and
read in under a minute. Simple traversals (for code analysis
purposes) of the whole AST (in memory) are expected to
take only a few seconds.

2.2. Analysis

ROSE internally implements a number of forms of pro-
cedural and interprocedural analysis, with much of this
work in development. ROSE currently supports analyses
such as:

Metrics in order to measure certain aspects of a software
system to interactively or automatically evaluate design
specifications, such as LOC per function, function complex-
ity measures or arithmetic complexities. Arithmetic met-
rics help to detect computationally expensive functions and
classes. This property is particularly important in scientific
computing codes, since such functions should be the most
robust and reliable pieces of the software.

Static Analyses aid the analysis of a software sys-
tem without the system being executed. ROSE includes
e.g. analyses that detect public declared variables (within



the scope of classes) and global variables (outside the scope
of classes) and unsafe function calls that can lead to buffer
overflows, page faults, and segmentation faults (such as
sprintf, scanf, strcpy). ROSE supports also more
sophisticated analyses for system dependence, call graph,
control and data flow analysis. In collaboration with aca-
demic groups, we are extending the analysis infrastructure
to interface with general analysis tools, including PAG [2],
OpenAnalysis [17], as well as analysis tools specifically
for automated debugging and security, MOPS for finite
state machine-based temporal specification checking [4],
and coverage analysis tools [6].

Dynamic Analyses are used to attribute the ROSE AST
with runtime information. This allows us to detect and vi-
sualize program locations with high execution costs.

Binary Analysis is the analysis and inspection of pro-
gram binaries. We can represent binary information in the
ROSE IR in order to apply analysis mechanisms developed
for static source analysis to binaries as well.

We expect our approach towards whole program analysis
to be most valuable in terms of program analysis precision
and scalability; which, in turn, allows us also to experiment
with large scale application visualizations.

3. Architecture Visualization

The aim of architecture-level visualization is to rapidly
summarize and communicate the architecture and design
decisions of the overall software system. Architectural vi-
sualization is more abstract than low-level visualizations
(from low-level analyses) [13], and therefore better suited
to visualizations in the large. An architectural visualiza-
tions combined with metrics can help software developers
to answer many questions about a software system.

Common examples of architectural visualizations are
function call graphs, hierarchy graphs, and directory struc-
tures. There are many ways to present these graphs, such as
UML diagrams and graph browsers. For example, Figure 2
shows various analysis results within one image, in order to
reduce cognitive burden a viewer would otherwise experi-
ence when looking at multiple views [16]. However, this
image shows a huge amount of information, making tech-
niques for information reduction necessary.

To help a viewer better navigate and understand analy-
sis results of large-scale applications, we have implemented
a 3D city metaphor, a predictable layout, and abstraction
and navigation mechanisms within our visualization tool,
Vizz3D. We show an example of visualizing SMG2000 in
Figure 3. This image shows exactly the same information
as Figure 2, with the difference that a 3D city metaphor and
our predictible layout algorithm is used.

More specifically, Figure 3 is a snapshot taken of Vizz3D
while running SMG2000. The directories of this application

Figure 2. Architecture Visualization Example.

appear as “islands,” individual files as “cities” within the
island, and individual function definitions as “buildings.” In
addition, aggregate shaded edges between cities indicates
that some function in one file (red end) calls some function
in another file (dark end). Other user-selected metrics and
analyses (whether static or dynamic) may be rendered as
textures, colors, and icons in this view. We believe that the
right choice of metaphor and layout are crucial, and we will
investigate this claim in future studies.

4. Related Work

Whole-program analysis has traditionally been applied
in performance optimization contexts [3, 18], but has re-
cently also been used to find bugs and detect security flaws
using global dataflow analyses [10, 11, 8]. Our techniques
complement earlier work by providing the basic infrastruc-
ture for accurately representing the source of an entire pro-
gram but for purposes of program understanding. Among
other open C or C++ infrastructures [9, 12, 5] and C++
static analysis infrastructures [20], our basic mechanisms
for building whole-program representations are unique.
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